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(54) COOLING DEVICE FOR HYBRID ELECTRIC VEHICLE 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide compatibility of 
miniaturization of a cooling system and cooling 
performance, in a cooling device for a hybrid electric 
vehicle. 

SOLUTION: A water jacket J2 of an inverter and water 
jackets J3, J4 of a generator 2 and an electric motor 3 
are piped in parallel with a radiator 14 for an electric 
system, having cooling fans 29, 30, so as to circulate a 
refrigerant to an electric pump 15. A variable throttle 
valve 22 is provided on the inlet side of the water jacket 
J2 provided on an inverter module 4. A controller 28 is 
provided for controlling the variable throttle valve 22, so 
as that the temperature becomes the saturation 
temperature of the refrigerant, when heat load of the 
inverter 4 is large, whereas for controlling the operation 
of the cooling fans 29, 30 is controlled, so as to make a 
specified value or less as a value lower than the 
saturation temperature of the refrigerant, when heat load 
is small. 

* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A dynamo driven with engines, such as an internal-combustion engine. 

An electric motor driven via an inverter with electric power obtained by this. 

Are the cooling system for hybrid electric vehicles provided with the above, provide a cooling 

jacket in said dynamo, an electric motor, and an inverter, respectively, and A cooling jacket of an 
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inverter, While constituting so that a cooling jacket of a dynamo and an electric motor may be 
piped in parallel to a radiator provided with a cooling fan and a refrigerant may be made to return 
by feeding means, such as an electric rotary pump, Provide a variable diaphragm means in an 
entrance side of a cooling jacket provided in said inverter, monitor cooling temperature of an 
inverter module exit, and when heat load of an inverter is large, While controlling said strange 
good diaphragm means to become near [ saturation temperature ] a refrigerant, when heat load 
of an inverter was small, a control device which controls an operation of said cooling fan for 
below default value that is a value lower than said saturation temperature to become was 
formed. 

[Claim 2]A radiator upper tank is halved in the cooling system for hybrid electric vehicles 
according to claim 1, Separate a refrigerant from a refrigerant, an electric motor, and a dynamo 
from said inverter, lead to a radiator core part, and in ROWATANKU of a radiator. A cooling 
system for hybrid electric vehicles providing a liquid phase storage tank in said radiator exit, and 
making the account electric rotary pump of back to front draw in while constituting so that it 
may be made to join without dividing said both refrigerants. 

[Claim 3]In the cooling system for hybrid electric vehicles according to claim 1, to a refrigerant 
exit of a dynamo and an electric motor. A cooling system for hybrid electric vehicles having 
provided an intermediate heat exchanger which carries out heat exchange to cooling water for 
engines, having provided negative pressure means forming in a refrigerant exit from this 
intermediate heat exchanger, and having connected refrigerant exit piping from said inverter 
module to this negative pressure means forming. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the dynamo in a hybrid electric vehicle, an 

inverter, and the cooling system of an electric motor. 

[0002] 

[Description of the Prior Art]While reducing exhaust emission, in order to improve fuel 
consumption, the hybrid electric vehicle which combined the engine and electric motor by an 
internal-combustion engine has been put in practical use. Such a hybrid electric vehicle is 
provided with the engine, the dynamo driven with an engine, the electric motor driven with the 
generated electrical and electric equipment, and the inverter which controls this. Each of these 
devices are demanding heat release which is different with different cooling water temperature. 
The policy for cooling each the optimal is proposed conventionally. 

For example, in JP,1 1~107748,A. While providing a cooling jacket in a dynamo, an inverter, the 
electric motor for a run, and an auxiliary machine class, respectively and connecting these 
cooling systems in parallel, The pipe line of each system tends to be defined according to the 
calorific value of each system, or the water temperature of each system tends to be detected, 
and it is going to correspond by providing the flow control valve which controls the flow to each 
system by an entrance side according to the value. While cooling using the electric insulation 
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refrigerant solution represented with JP,5-160310,A by fluorocarbon in cooling of an inverter 
module, It is going to cool by forced-convection heat transfer and forced-convection boiling heat 
transfer by dividing a cooling system into a group with large exothermic density, and a small 
group, controlling the inlet temperature and the pressure in each group by arrangement of piping, 
or setting out of a throttle valve, and changing the supercooling degree of a refrigerant. 
[0003] 

[Problem(s) to be Solved by the Invention]In JP,1 1-107748,A shown in the above-mentioned 
conventional technology, since it becomes the exchange of the refrigerant flow rate between 
each cooling system, all the systems cannot be cooled with the maximum load. For example, if a 
flow here is increased in order to give priority to cooling with an inverter, the flow to the electric 
motor for a run will decrease. When the demand to the radiation performance in an inverter is 
high and a convective heat transfer is used with progress of the art which carries out high 
density assembly of the high integration art in recent years and element of a semiconductor 
device on a base, there is a problem that the miniaturization of a device cannot be attained. In 
JP, 5-1 6031 0,A, although the inverter module is cooled using convection vapor cooling, a dynamo 
and an electric motor have a large box, since the structure of a cooling jacket is complicated, 
there are a problem of vapor-liquid two-phases flow and a problem of the dryout by a vapor lock, 
and application is difficult. In order to be satisfied with the maximum of the cooling capability of 
each device by these conventional technologies, respectively, it is the best to make an inverter 
module, and a dynamo and an electric motor into a separate system, but. The cooling system of 
a large number, such as an engine-coolant system, an air conditioning system, an inverter 
module system, and a motor alternator system, is needed, and there is a problem that there are 
restrictions on a layout. This invention is made paying attention to the above-mentioned 
problem, and the place made into the purpose tends to provide the cooling system for hybrid 
electric vehicles which was compatible in miniaturization and cooling capability of the cooling 
system. 
[0004] 

[Means for Solving the Problem]In order to attain the above-mentioned purpose, in the cooling 
system for hybrid electric vehicles according to claim 1. In a hybrid electric vehicle provided with 
a dynamo driven with engines, such as an internal-combustion engine, and an electric motor 
driven via an inverter with electric power obtained by this, Provide a cooling jacket in said 
dynamo, an electric motor, and an inverter, respectively, and A cooling jacket of an inverter, 
While constituting so that a cooling jacket of a dynamo and an electric motor may be piped in 
parallel to a radiator provided with a cooling fan and a refrigerant may be made to return by 
feeding means, such as an electric rotary pump, Provide a variable diaphragm means in an 
entrance side of a cooling jacket provided in said inverter, monitor cooling temperature of an 
inverter module exit, and when heat load of an inverter is large, While controlling said strange 
good diaphragm means to become near [ saturation temperature ] a refrigerant, when heat load 
of an inverter was small, a control device which controls an operation of said cooling fan for 
below default value that is a value lower than said saturation temperature to become was 
formed. In the cooling system for hybrid electric vehicles according to claim 1 by the invention 
according to claim 2, Halve a radiator upper tank, separate a refrigerant from a refrigerant, an 
electric motor, and a dynamo from said inverter, lead to a radiator core part, and in 
ROWATANKU of a radiator. While constituting so that it may be made to join without dividing 
said both refrigerants, a liquid phase storage tank is provided in said radiator exit, and the 
account electric rotary pump of back to front is made to draw in. In the cooling system for 
hybrid electric vehicles according to claim 1 by the invention according to claim 3, An 
intermediate heat exchanger which carries out heat exchange to cooling water for engines was 
provided in a refrigerant exit of a dynamo and an electric motor, negative pressure means 
forming was provided in a refrigerant exit from this intermediate heat exchanger, and refrigerant 
exit piping from said inverter module is connected to this negative pressure means forming. 
[0005] 

[Effect of the Invention]According to the invention according to claim 1, it becomes possible with 
a common refrigerant to control the dynamo and the electric motor with a complicated structure 
and comparatively low exothermic density by the convective heat transfer of the liquid phase, 
and to control the inverter module with large exothermic density by heat transfer with boiling, 
and it can be compatible in miniaturization and cooling capability of a cooling system. According 
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to the invention according to claim 2, with one radiator, since heat dissipation of the refrigerant 
of a boiling state and a liquid phase convection state is attained, the flexibility of a vehicles 
layout increases further. According to the invention according to claim 3, since-izing also of the 
refrigerant which flowed out of the dynamo and the electric motor can be carried out [ steam ], 
while it becomes easy radiator composition and a miniaturization becomes possible, steamy 
omission in the cooling jacket for inverters is improved, and a cooling capability improves. 
[0006] 

[Embodiment of the Invention]An embodiment of the invention is described based on a drawing 
below. 

The composition of <Embodiment 1> embodiment 1 is explained based on drawing 1 . As shown in 
a figure, the engine 1 and the dynamos 2, such as an internal-combustion engine, are linked 
directly, the electrical and electric equipment generated here is carried by the electric motor 3, 
and this embodiment acts as a source of a running drive of vehicles. The inverter module 4 
controls these. The quantity of heat which the piping 7 and 8 which connects them with the 
radiator 5 for engines and the pump 6 for a rotary flow usually driven with the engine 1 was 
formed in cooling of the engine 1, and was absorbed with the engine 1 is emitted to the 
atmosphere with the radiator 5 for engines. The engine 1 , the heater 9 for vehicle room heating 
in parallel, and the piping 10 and 11 are formed, and exhaust heat of the engine 1 is used for 
vehicle room heating. 

[0007]The engine water jackets (cooling jacket) J1-J4 are formed in said engine 1, the dynamo 
2, the electric motor 3, and the inverter module 4, respectively, The engine water jacket J3 of 
the dynamo 2 and the electric motor 3, and J4 and the engine water jacket J2 of the inverter 
module 4 are connected in parallel to the radiator 14 for electric systems via the respectively 
different piping 12 and 13. The cooling system consists of these each member, the electric 
rotary pump 15, the radiator 14 for electric systems, the piping 12, 13, 16, 17, 18, and 19 that 
connects them, and the reserve tank 20 which stores a refrigerant. This cooling system for 
electric systems is adjusted so that it may become specified pressure with the cap 21 for 
pressure regulation provided in the reserve tank 20. 

[0008]Circulation of a refrigerant is performed as follows. The liquid phase refrigerant in the 
reserve tank 20 is attracted by the electric rotary pump 15, and is distributed to the piping 18 
which results to the dynamo 2 and the electric motor 3, and the piping 17 which results to the 
inverter module 4. Since the variable-aperture valve 22 is formed in the middle of the piping 1 7 
which results to the inverter module 4, the flow to the piping 18 which results to the dynamo 2 
and the electric motor 3 increases more than the flow to the piping 17 which results to the 
inverter module 4. The refrigerant which collected heat from the dynamo 2 and the electric 
motor 3 flows into the upper tank 23 of said radiator 14 for electric systems through the piping 
12. On the other hand, the refrigerant which collected heat also flows into the upper tank 23 of 
the radiator 14 for electric systems via the piping 13 by the inverter module 4. This upper tank 
23 is divided and halved near the internal center here, and the refrigerant which flows from the 
piping 12, and the refrigerant which flows from the piping 13 flow into the heat exchange tube 24, 
without carrying out the abouchement. Here, a partition is not provided but returns to the 
reserve tank 20 via the piping 19. 

[0009]Here, near the piping 13 terminal area near the piping 12 terminal area of said upper tank 
23, the solution temperature sensors 26 and 27 are formed, respectively. There is the solution 
temperature sensor 26 in order to control the refrigerant temperature of the dynamo 2 and the 
electric motor 3, and based on this signal, the control device (a controller is called below) 28 
controls the cooling fan 29. There is the solution temperature sensor 27 in order to control the 
refrigerant temperature of the inverter module 4, and based on this signal, the controller 28 
controls the cooling fan 30. Based on the signal of the solution temperature sensor 27, the 
controller 28 (control device) also controls the opening of the variable-aperture valve 22, and 
controls the flow and pressure into the engine water jacket J2 of the inverter module 4. 
[0010]Next, an operation is explained based on the flow chart of drawing 2 . In a car, the calorific 
value of each device changes with travel conditions, and the control corresponding to each is 
needed, first — if the engine 1 starts — the run state of vehicles or an inverter and the dynamo 
2, and the electric motor 3 — the calorific value of each unit is judged from the energizing 
amount through which it passes, respectively (S1-S3). When the calorific value of an inverter is 
small and the calorific value in the dynamo 2 and the electric motor 3 is small, the minimum may 
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be all sufficient as a cooling capability. Therefore, in order to hold down power consumption to 
the minimum, while controlling rotation of the electric rotary pump 15 at a low speed, piping 
resistance is made into the minimum by considering the variable-aperture valve 22 as full 
admission (S4). Then, if it seems that default value is exceeded based on the signal of the water 
temperature sensors 26 and 27, the cooling fans 29 and 30 will be operated, respectively (S6- 
S8). Said default is below the saturation temperature in the pressure set up with the pressure 
regulation cap 21 provided in the reserve tank 20 here, Any engine water jacket of the dynamo 2, 
the electric motor 3, and the inverter module 4, a refrigerant is still the liquid phase and cooling 
by a convective heat transfer is performed. 

[0011]Next, although the calorific value of an inverter is small, since it is necessary to secure a 
convective heat transfer when the calorific value in the dynamo 2 and the electric motor 3 is 
large, the electric rotary pump 15 is considered as medium-speed rotation, and the refrigerant 
amount which flows into the dynamo 2 and the electric motor 3 by making the opening of the 
variable-aperture valve 22 small is increased (S9). At this time, the value by the signal of the 
water temperature sensors 26 and 27 controls control of the cooling fans 29 and 30 to make it 
rotate with said default value (value lower than a saturation temperature) (S10-S13). 
[0012]Next, when there is much calorific value of an inverter and the calorific value of the 
dynamo 2 and the electric motor 3 is small, While considering rotation of the electric rotary pump 
15 as medium-speed rotation (S14), the controlled object by the water temperature sensor 27 is 
used as the variable-aperture valve 22, and it controls by comparison with the saturation 
temperature in the pressure set up with the pressure regulation cap 21 (S15-S17). That is, since 
the inside of the inverter module 4 will be in a boiling state if it is more than a saturation 
temperature, the variable-aperture valve 22 is considered as full admission, and efficient heat 
exchange is performed (S18). On the other hand, since the inside of the inverter module 4 is in 
the convective-heat-transfer state if the signal by the water temperature sensor 27 shows 
below the saturation temperature, while making the opening of the variable-aperture valve 22 
small and lowering a pressure, temperature is raised, and it brings close to saturation, and a good 
heat exchange state is maintained (S19). 

[0013]At the end, when both an inverter, and the dynamo 2 and the electric motor 3 have large 
calorific value, While making the electric rotary pump 15 into full speed rotation and securing the 
circulating flowing quantity to the dynamo 2 and the electric motor 3 (S20), control of the cooling 
fan 29 is controlled so that the signal by the water temperature sensor 26 becomes below in the 
default value set up below with the saturation temperature (S25). On the other hand, as 
aforementioned, the inverter module 4 controls the variable-aperture valve 22 so that the signal 
by the water temperature sensor 27 serves as a saturation temperature (S24). 
[0014]The composition of Embodiment 2 is shown in <Embodiment 2> drawing 3 . The same 
numerals are given to the same thing as Embodiment 1, and the explanation is omitted. While 
forming the intermediate heat exchanger 31 which adds to the composition of Embodiment 1 and 
makes heat exchange possible in this embodiment between the piping 10 which connects the 
heater 9 and the engine 1 in the middle of the piping 12 of the dynamo 2 and the electric motor 
3, Similarly, in the middle of the piping 12, the venturi tube nozzle 32 which can acquire a Venturi 
effect was formed in the outlet side of the above-mentioned intermediate heat exchanger 31, 
and the end of the piping 13 from the inverter module 4 is connected with it to the part of said 
venturi tube nozzle 32 in which negative pressure is formed most. According to this, the upper 
tank 23 of the radiator 14 for electric systems is not divided with an inside like Embodiment 1, 
and the water temperature sensor 26 is also set only to one. 

[0015]According to this embodiment, either the dynamo 2, the electric motor 3 and the inverter 
module 4 are in the state where calorific value is large, and it aims at improving especially the 
cooling capability of the inverter module 4. In this case, the engine 1 is also operating with the 
heavy load, and since engine cooling water temperature is set up more highly than the cooling 
temperature of an electric system, by the intermediate heat exchanger 31, heat will usually be 
collected from engine cooling water to the refrigerant for electric systems. Therefore, when the 
liquid phase refrigerant which cooled the dynamo 2 and the electric motor 3 by the convective 
heat transfer flows into the above-mentioned intermediate heat exchanger 31, it becomes a 
steam and flows into the venturi tube nozzle 32. Since the piping 13 is connected to the negative 
pressure section of this venturi tube nozzle 32 here, it is drawn in efficiently, and in the state of 
a steam, through the piping 12, the steam generated by the inverter module 4 flows into the 
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radiator 14 for electric systems, and condenses all. Thereby, since the steamy convection of the 
dynamo 2 and the electric motor 3 is lost and they are formed in negative pressure by attracting 
the generated steam, they can control a saturation temperature by the inverter module 4 low, 
while the cooling capability stable by the convective heat transfer of the liquid phase is obtained. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing the composition of the cooling system for hybrid electric 
vehicles of Embodiment 1. 

[Drawing 2] It is a control flow chart explaining an operation of Embodiment 1. 

[Drawing 3] It is a figure showing the composition of the cooling system for hybrid electric 

vehicles of Embodiment 2. 

[Description of Notations] 

J1 - J4 cooling jacket (engine water jacket) 

1 Engine 

2 Dynamo 

3 Electric motor 

4 Inverter module 

5 The radiator for engines 

6 Pump 

7,8,10, 11,12,13, 16,17,18, and 19 Piping 
9 Heater 

14 The radiator for electric systems 

1 5 Electric rotary pump 

20 Reserve tank 

21 The cap for pressure regulation 

22 Variable-aperture valve 

23 Upper tank 

24 Heat exchange tube 

26 and 27 Solution temperature sensor 
28 Control device (controller) 
29, 30 cooling fans 

31 Intermediate heat exchanger 

32 Venturi tube nozzle 



[Translation done.] 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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